Survival in renal cell carcinoma -a randomized evaluation of tamoxifen vs interleukin 2, a-interferon (leucocyte) and tamoxifen R Henriksson', S Nilsson2, S Colleen3, P WersaII4, M HeIsing5, R Zimmerman6 and K Engman7 'Department of Oncology, UmeA University Hospital; 2Department of Oncology, Uppsala University Hospital; 4Karolinska Institute, 6Sbdersjukhuset, Stockholm, 5Orebro Hospital; 3Department of Urology, Lund University Hospital, Sweden; and 7BioNative AB, Umec, Sweden Summary Metastatic renal cell carcinoma (RCC) has a poor prognosis. Conventional treatment strategies, including chemotherapy and hormonal therapy, have limited value. Although encouraging results have been achieved in terms of objective response using immunological manipulations, no conclusive studies yet exist with a controlled comparative evaluation of survival. Therefore, the present study was undertaken, which compared one of the present (and presumed best) treatments, interleukin 2/interferon-a (IL-2/IFN-a) and tamoxifen, with a control arm of tamoxifen only. Tamoxifen has been shown to potentiate in vivo anti-tumour activity of IL-2, and because of its non-toxic behaviour it was included in both groups. The study was open, randomized and included seven institutions in Sweden. The patients were stratified according to the different centres involved. An interim analysis was planned when a minimum of 100 patients were evaluable. The 128 patients finally included had a histologically documented metastatic RCC, with a life expectancy of more than 3 months, a performance status WHO 0-2 and no prior chemo-or immunotherapy. Informed consent was obtained from each patient. The patients randomized to the control arm (n = 63) received only tamoxifen 40 mg p.o. daily for at least 1 year or until progression. The patients (n = 65) randomized to biotherapy received subcutaneous recombinant IL-2, leucocyte IFN-a in a treatment cycle of 42 days, as well as tamoxifen p.o. In the absence of undue toxicity or disease progression, these patients received one additional treatment cycle of 42 days followed by maintenance treatment, consisting of 5 days therapy every 4 weeks, for 1 year, or until proven progression. Only two patients in the tamoxifen-only group received immunotherapy when the disease progressed, but without any beneficial effect. All patients received appropriate local treatment when indicated. The interim analysis demonstrated no survival advantage for either group, and therefore further inclusion of patients was stopped. The median follow-up was 11 months (range 0.4-48 months). The final survival analysis showed no significant differences between the two treatment arms in so far as comparison from the day of diagnosis of primary disease, from the day of first evidence of metastatic spread, or from the onset of treatment. This was valid both when the evaluation was performed with regard to intention to treat and when the analysis was directed only to patients that managed at least one treatment cycle (42 days) of IL-2/IFN-a. The adverse effects were more pronounced in the IL-2/IFN-a group. Although the number of patients is limited, the results raise doubt concerning immunotherapy with IL-2 and IFN-a as a routine treatment in the management of advanced RCC. The difference in cost of drugs and health care (drug costs per patient: IL-2/IFN-a $27000 vs tamoxifen $360) as well as adverse effects caused by IL-2/IFN-a are also factors of importance. The study emphasizes the need for more effort to find the 'optimal schedule' of immunotherapy, as well as the need for randomized controlled studies before approval of a new treatment in the routine setting.
Advanced renal cell carcinoma (RCC) is considered to be beyond curative treatment. Chemotherapy and radiotherapy are only used in the palliative setting, and chemotherapy alone is of limited value (Oliver, 1994;  Savage, 1995; Wagstaff et al, 1995) . Hormonal manipulation, such as medroxyprogesteron acetate and tamoxifen have, in some observations, caused objective responses of short duration (Harris, 1983; Linehan et al, 1989) . RCC is one of the few tumours with a known propensity for spontaneous regression (Katz et al, 1982; Oliver et al, 1989) . Host factors such as the immune system may, in certain circumstances, influence the outcome. A number of studies strongly suggest that interferon a (IFN-a) and interleukin 2 (IL-2), especially in combination, could be of therapeutic value (Rosenberg et al, 1993; Oliver, 1994; Atzpodien et al, 1995; Facendola, 1995;  Savage, 1995; Wagstaff et al, 1995; Hanninen et al, 1996) . Although these treatment options can induce objective responses, they are associated with significant sideeffects and considerable expense (Oliver, 1994; Facendola et al, 1995; Savage, 1995; Wagstaff et al, 1995) . At present, no conclusive studies exist that, in prospective controlled fashion, have evaluated the effects of immunological manipulations on survival in patients with RCC (Ljungberg and Henriksson, 1997) . Therefore, this randomized, controlled study compared subcutaneously administered leucocyte IFN-a and IL-2 with peroral tamoxifen, with special emphasis on survival. Tamoxifen has been shown to cause objective responses and to potentiate in vivo activity of IL-2 (Kim et al, 1990; Stahl et al, 1991) . Owing to its well-tolerated behaviour, it was included in both treatment arms. 
Study design
The study was an open, randomized, multicentre study including seven major institutions in Sweden and was performed between 1992 and 1995. Inclusion and exclusion criteria are outlined in detail in Table 1 .
Two hundred patients were originally planned to be included in the study. It was estimated that it would provide a power of 70% certainty to detect a difference at the 5% level in increasing mean survival from 10 months to 22 months. The patients were stratified according to the different centres involved. An interim analysis was intended to be performed when a minimum of 100 patients were evaluable. In the final analysis, a total of 128 patients were included in the study. In all, 65 patients were treated with a combination of IL-2, LFN-a and tamoxifen, and 63 patients with tamoxifen alone (for details, see Table 2 ). One patient in each group was older than stated in the inclusion criteria (77 and 78 years old respectively) and included by mistake. They were included in the analysis.
Study drugs and treatment schedule
Patients were randomized to a combined treatment with recombinant IL-2 (Proleukin, EuroCetus, Division of Chiron, Emeryville CA, USA), natural leucocyte interferon-a (Interferon AlfaNative, BioNative AB, Umea, Sweden) (Ahrdn et al, 1992) and tamoxifen (Tamaxin, Orion-Pharma, Sweden) or to tamoxifen alone. All patients were treated with tamoxifen 40 mg p.o. daily. Patients allocated to the combination therapy were also treated with regularly repeated treatment cycles, including both IL-2 and IFN-a (Table 3) according to a schedule reported previously by Atzpodien and colleagues (1990) . The treatment was given on an outpatient basis and the patients usually managed their own injections. Concomitant treatment with corticosteroids was not allowed.
Forty of the 65 patients in the immunotherapy group were estimated to have received 75% or more of the planned total dose of IL-2 and TFN-a. Five patients received less than 25% of the planned total dose.
Clinical assessments and laboratory examinations
After all inclusion and exclusion criteria were fulfilled, a general physical examination and routine test for determination of haematological and biochemical parameters were performed before enrolment, and then repeated during every new treatment cycle throughout the study. When clinical evidence of disease progression was obtained, a thorough radiological examination was performed. In the case of a clear clinical and radiological deterioration, the treatment was interrupted.
Adverse reactions
Toxicity was graded according to the WHO criteria, i.e. it was graded as mild (grade 1), moderate (grade 2), severe (grade 3) and life threatening (grade 4). IL-2 and IFN-a were reduced by 50% in patients when grade 3 or 4 toxicity was present (Table 4) .
Relapse treatment
The treatment options in the relapse situation was left to the discretion of each responsible physician, but it was recommended to use modalities other than immunotherapy. As only two patients in the tamoxifen only group received immunotherapy (IFN-a) because of 8-12, 15-19, 24-26, 29-33 and 36-40 In addition, patients received IFN-a at 3 x 106 IU m-2 on days 3, 5, 24, 26 and at 6 x 106 IU m-2 on days 8, 10, 12, 15, 17, 19, 29, 31, 33, 36, 38 and 40 Maintenance treatment progressive disease and both patients displayed continuous progressive disease, these patients were included in the final analysis of intention to treat. Three patients in the IL-2AIFN-a arm received a further course of IFN-a and IL-2. Radiotherapy was given mainly as pain palliation in 16 patients in the tamoxifen group and in 14 patients in the IL-2/IFN-a tamoxifen group. One patient in each group received chemotherapy without any obvious effect.
Ethics
The study conformed to the Helsinki/Tokyo Declaration, and was approved by the Ethics Committees at the University Hospital, that a further inclusion of patients could display a clinically meaningful difference, it was recommended that the study should be interrupted. The differences in adverse reactions between the two treatment arms were also of importance in this decision.
Final analysis
When it was decided to stop the recruitment of patients, 128 patients had been randomized and included. The median follow-up time was 11 months from randomization (range 0.4-48 months).
Within the first month after inclusion in the study, two patients had died in each of the treatment groups.
The survival (mortality) curves displayed no signs of statistically significant differences between the two treatment schedules (intention to treat), regardless of whether the analysis was performed from the day of randomization, from the day of primary diagnosis, or from the day of first evidence of metastasis ( Figure 1 ). Nor were there any differences if only patients included in the survival analysis had received at least one treatment cycle of IL-2 and IFN-a ( Figure 1 A-C inlets). There were no significant differences in mean or median survival of the patients in the two arms (Table 4) . Twenty-six patients in the IL-2/IFN arm and 30 patients in the tamoxifen-only treated group were alive 1 year after initiation of the treatment. There were no significant differences in long-term survival. However, the number of patients in this long follow-up was limited ( Figure 1 ). It must be emphasized that the response evaluation was not of primary concem; however, we observed complete and partial responders in both groups. Five complete responders (CRs) were seen in the IL-2/IFN-a group. Two CRs were obviously seen in the tamoxifen only group. Of these patients, the time to verified progression was 20-48+ months in the tamoxifen only group and 30-54+ months in the immunotherapy group.
The toxicities observed in this trial were similar to those expected from other trials. Virtually all patients in the IL-2/IFN-tx tamoxifen group experienced some degree of a flu-like syndrome, including malaise and fever. Overall, the toxicity was graded 0-2 according to the WHO toxicity scale in the majority of the patients. However, grade 3-4 toxicity was seen in a substantial amount of patients and was more common in the IL-2/IFN-atreated patients (Table 5) (Rosenberg et al, 1993; Besana et al, 1994; Oliver, 1994; Atzpodien et al, 1995; Facendola et al, 1995; Savage, 1995; Wagstaff et al, 1995; Hanninen et al, 1996) . Recombinant cytokines, notably IL-2 and IFN-a, appear to have had encouraging results, and have led to approval by several national drug agencies in the management of RCC. However, in these studies, only objective responses were evaluated and the results compared with historic control patients (Savage, 1995 Table 4 ) is better than that seen in the Swedish registry studies of advanced RCC patients. Moreover, the median survival has also been shown in other IL-2/IFN studies to be at the same level at 12 months (Facendola et al, 1995) .
Factors that could affect the outcome for patients with metastatic disease include time from initial diagnosis, weight loss and the number of metastatic sites involved (Elson et al, 1988) . However, this evaluation of survival did not seem to be different, regardless of the time frame of the analysis (from the date of primary diagnosis or the start of the treatment or from the time of first signs of metastatic spread). There was no obvious initial variation in laboratory parameters or metastatic spread of the disease (see Table 2 ), which further reduces the risk of differences in prognostic factors between the treatment groups. The use of natural interferon-a decreases the likelihood of neutralizing antibodies (Priimmer, 1993) , and no antibodies against IFN-a in repeated and continuous analysis throughout the study were detected.
Previously published studies have also suggested that immunotherapy has no impact on survival (Steineck et al, 1990; Wagstaff et al, 1995) . In this context it is also of interest to emphasize that controlled randomized trials evaluating different approaches of immunotherapy on survival, for example IL-2 vs IL-2 plus lymphokine-activated killer cells or IFN-a vs IFN-a and vinblastin, displayed no significant differences (Fossa et al, 1992; Rosenberg et al, 1993; Kellokumpu-Lehtinen et al, 1995) . Furthermore, the advantage of an increased response rate after immunological manipulation has not always been translated to a better chance of survival (Fossaet al, 1992; Facendola et al, 1995) . This could imply that all the survival curves and the supposed effects of immunotherapy simply highlighted the natural history of the disease. This was further highlighted by the fact that no differences could be seen in survival between IFN-ylb and placebo in a randomized study including 197 patients (Elhilai et al, 1997 .'..-..,'-i.;.',-'.-,ii.&'t,k-'I ; .,..-Wq4j1"jM .5 1!14; -.
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.j "::11,0-!. -.:.,... (Hanninen et al, 1996) who, in a non-randomized evaluation, underwent altemating cycles of combination of immunotherapy (IL-2 and IFN-a) and chemoimmunotherapy (5-fluorouracil and IL-2). Once again, in this study the overall response rate (CR+PR) of 39% was not directly related to long-lasting remissions. The beneficial effect of chemoimmunotherapy (IL-2, IFN-a and 5-FU) was further proposed in a small randomized study against tamoxifen (Atzpodien et al, 1997) . It is also of interest to recall that a survival benefit was seen for patients treated with cimetidine plus autolymphocyte therapy compared with cimetidine only (Osband et al, 1990) . Similar results have been seen when RCC patients with nodal disease were given adjuvant therapy (Sawczuk et al, 1997) .
Immunological manipulation, even with the present subcutaneous regimen, is associated with toxicity, at least during the treatment period. The toxicity seen was in accordance with earlier reports. The present study also included a substantial number of patients with grade 3 and 4 toxicity in the IL-2-and IFN-a-treated patients. Thus, when discussing any beneficial effects, these aspects must also be considered. In evaluation of toxicity of a given treatment, it must also be considered that a local tumour progression could explain a deterioration. The observed CNS and lung toxicity in the tamoxifen group most probably were due to local tumour growth.
Hormone manipulation has been used for the treatment of RCC for many years. The initial high response rate of medroxyprogesterone acetate has, with modem response criteria, been modified and is now established at approximately 2% (Harris, 1983; Linehan et al, 1989) , and with no proven effect on survival. In the present study, objective responses were observed including two complete responses with tamoxifen-only treatment, and several long-lasting remissions/stable diseases were also seen. Note that these patients never received immuno-or chemotherapy. Previously, tamoxifen in higher doses than used in this study has also been shown to cause objective responses and even complete responses in advanced RCC (Stahl et al, 1991) . Nevertheless, even if it cannot be established that tamoxifen has any clear-cut effects on survival, tamoxifen because of its non-toxic features can be used in the palliative setting. The role of endocrine manipulation might at least be re-evaluated, especially in the context that hormone treatment can interact with the immune system (Oliver, 1994) . As a large number of objective responses and some longterm survivors have been seen, even in this study over the years, there might be a subpopulation of patients that could benefit from immunotherapy (or hormone manipulation). Future studies are therefore of interest to find methods to identify those patients.
In summary, even if the number of patients is relatively limited, the present study questions the benefit of immunotherapy with IL-2 and IFN-a as a routine treatment in the management of advanced RCC. The study suggests the use of a less toxic regimen, for example tamoxifen, in the routine setting and as an adequate control in further trials. This assumption is also strengthened by the difference in costs between the two treatment arms (drug costs only: IL-2/IFN-a $27 000 vs $360 per patient in the tamoxifenonly group). However, the chemoimmunotherapy approach with and without 13-cis-retinoic acid (Motzer et al, 1995; Hanninen et al, 1996; Atzpodien et al, 1997 ) is exciting and suggests that unexpected regimens might exist that are better than any thus far tested. It is obvious that there is much need for investigation to find 'the optimal' application for immunotherapy in the clinical setting.
